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Background: BRCAness is defined as shared tumour characteristics between sporadic and BRCA-mutated cancers. However, how 
to exactly measure BRCAness and its frequency in breast cancer is not known. Assays to establish BRCAness would be extremely 
valuable for the clinical management of these tumours. We assessed BRCAness characteristics frequencies in a large cohort of 
triple-negative breast cancers (TNBCs). 

Methods: As a measure of BRCAness, we determined a specific BRCA1-like pattern by array Comparative Genomic Hybridisation 
(aCGH), and BRCA1 promoter methylation in 377 TNBCs, obtained from 3 different patient cohorts. Clinicopathological data were 
available for all tumours, BRCA1-germline mutation status and chemotherapy response data were available for a subset. 

Results: Of the tumours, 66-69% had a BRCAMike aCGH profile and 27-37% showed BRCA1 promoter methylation. BRCA1- 
germline mutations and BRCA1 promoter methylation were mutually exclusive events (P=1 x 10~ 5 ). BRCAness was associated 
with younger age and grade 3 tumours. Chemotherapy response was significantly higher in BRCA1 -mutated tumours, but not in 
tumours with BRCAness (63% (12 out of 19) vs 35% (18 out of 52) pathological complete remission rate, respectively). 

Conclusion: The majority of the TNBCs show BRCAness, and those tumours share clinicopathological characteristics with 
BRCA1 -mutated tumours. A better characterisation of TNBC and the presence of BRCAness could have consequences for both 
hereditary breast cancer screening and the treatment of these tumours. 



The triple-negative breast cancer (TNBC) subtype occurs in 
15-20% of cases and is associated with rapid growth, early 
metastasis and a worse prognosis than other breast cancer subtypes 
(Bauer et al, 2007; Blows et al, 2010). Among breast cancer patients 
with a hereditary BRCA1 mutation, over 80% is a TNBC (Lakhani 
et al, 2002). As sporadic triple-negative tumours often show the 
same histological characteristics and clinical outcome as BRCA1- 
mutation carriers, several studies postulated that BRCA1 inactiva- 
tion might also have a role in sporadic TNBCs (Turner et al, 2007; 



Joosse et al, 2009, 2011; Silver et al, 2010). The phenotype that 
some sporadic tumours share traits with familial-IJRCA cancer is 
called BRCAness and is described in a landmark paper by Turner 
et al (2004). The importance of defining such a group of tumours 
lies within the clinical management of these tumours. As BRCA1 
and BRCA2 are involved in the repair of DNA double-strand 
breaks (DSBs), a process called homologous recombination, 
dysfunctional BRCA proteins could make a tumour extra sensitive 
for drugs inducing those DNA DSBs. Indeed, it has been shown 
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that BRCA1- and BRCA2-mutation carriers have a high sensitivity 
to alkylators or the new class of PARP inhibitors (Fong et al, 2009; 
Kriege et al, 2009), and not to spindle poisons, such as taxanes 
(Kriege et al, 2012). 

We have found that breast tumours from BRCA-mutation 
carriers show specific array Comparative Genomic Hybridisation 
(aCGH) profiles and that these tumour profiles are also present in 
some sporadic breast cancer patients (Joosse et al, 2009, 2012). As 
such, we assume that they represent BRCAness, and that BRCA- 
like profiles are a measure of BRCAness. The aCGH BRCAl-like 
tumour profile is characterised by genomic instability in general, 
but also by specific alterations, such as gain of 3q, loss of 5q, and 
more. A large proportion of these BRCAl-like tumours have either 
a BRCA1 mutation or show somatic BRCA1 promoter methylation 
(Lips et al, 2011b). Possibly, a currently unknown genetic alteration 
in the BRCA1 pathway or a related event could explain the 
remaining BRCAl-like cases. The BRCA2-like aCGH profile is 
characterised by even more genomic aberrations. The clinical use 
of these genomic profiles is twofold. In genetic counselling, an 
aCGH BRCA1 or BRCA2-like genomic profile is an extra 
indication of BRCA1/2 involvement, whereas its absence can help 
to rule out a hereditary component (Joosse et al, 2009). Also, it can 
help to classify variants of unknown significance (VUS). The 
genomic profiles can also be used to select patients for specific 
chemotherapy regimens. We previously showed that tumours with 
an aCGH BRCAl-like profile respond favourably to intensified 
alkylating chemotherapy (Vollebergh et al, 2011). 

What the best method is to measure BRCAness is still not 
known. Therefore, also the extent of BRCAness in TNBC is 
currently unknown. Previously, we showed that BRCA1 -related 
abnormalities (aCGH BRCAl-like profile, BRCA1 promoter 
methylation and low BRCA1 mRNA expression) were predomi- 
nantly observed in TN tumours, whereas a BRCA2-like profile was 
mainly observed in ER+ tumours (Lips et al, 2011b). Therefore, 
we determined aCGH BRCAl-like profiles and BRCA1 promoter 
methylation, as indicators of BRCAness, in a large cohort of 
TNBCs. In addition, we assessed the association with clinico- 
pathological variables and treatment response, and compared the 
BRCAness patients with BRCA1 -mutation carriers. 



MATERIALS AND METHODS 



Patients. The first series of TNBC samples (the 'neoadjuvant 
series') consists of pre-treatment biopsies of primary breast tumours 
from 152 women with TNBC. All patients received neoadjuvant 
treatment at the Netherlands Cancer Institute between 2004 and 
2012 as part of ongoing clinical trials (Rodenhuis et al, 2010; Lips 
et al, 2011b). Most patients received six courses of cyclophos- 
phamide and doxorubicin, administered in a dose-dense schedule 
(ddAC) (every 2 weeks). After the last course of chemotherapy, all 
patients underwent breast-conserving therapy or mastectomy 
according to the standard protocols at our institute. 

The second series of samples (the 'familial series') consists of 
tumours of patients suspected to have a hereditary form of breast 
cancer who were referred for further molecular diagnostic testing, 
usually after a negative BRCA1 mutation screening result or if 
germline DNA for mutation screening was not available, but 
BRCAness was suspected. 

The third sample series (the 'adjuvant series') consists of 
tumours of patients who received adjuvant chemotherapy at the 
Deventer hospital (Oonk et al, 2012). 

Clinicopathological variables were obtained from patient 
records. The three different series came from studies which had 
been approved by the institutional review board and informed 
consent was obtained from all patients. 



Pathology. Triple-negative status was defined by the absence of 
ER and PR expression and no amplification of HER2. More than 
10% positive immunohistochemistry staining was used as a cutoff 
to call a sample negative. HER2 staining was either 0 or 1 + . In 
case of a 2 + staining, chromogenic in situ hybridisation was 
performed to determine HER2 amplification (gene copy number 
>6 per tumour cell). Chemotherapy response was assessed in the 
surgery resection specimen. The complete absence of any invasive 
tumour tissue in the breast and the lymph nodes was considered as 
a pathological complete response (pCR). All other responses were 
grouped in the no-pCR group. All pathology slides were reviewed 
by an experienced breast cancer pathologist (JW). 

BRCAl-mutation analysis. BRCA1 -mutation status was obtained 
from patient records, obtained through our family cancer clinic. 
Briefly, germline DNA was isolated from peripheral blood 
lymphocytes of affected patients. We used mutation scanning 
methods. The Protein Truncation test was used for exon 11 of 
BRCA1 and exons 10 and 11 or BRCA2. The remaining exons were 
tested using Denaturing Gradient Gel Electrophoresis (DGGE). 
Confirmation of aberrant samples was done by Sanger sequencing 
(van der Hout et al, 2006). In addition, Multiplex Ligation-depen- 
dent Probe Amplification (MLPA) was performed using MLPA kit 
P087 (BRCA1; MRC-Holland, Amsterdam, The Netherlands) to 
detect large genomic deletions or duplications in the genes. For 
patients who did not visit the family cancer clinic, no mutation 
analysis could be performed, as those patients did not give informed 
consent for this specific analysis. 

aCGH BRCAl-like genomic profile. aCGH BRCAl-like scores 
were obtained by three different assays. The older samples 
(2004-2010) were obtained by a 3.5k BAC array CGH platform. 
The DNA segments covered the whole genome with an average 
spacing of 1 MB. The protocols have been described before (Joosse 
et al, 2007). Classification of subtypes was performed using the 
aCGH BRCAl-like classifier developed by Joosse et al (2009). The 
cutoff for a BRCAl-like aCGH pattern was 0.5. The more recent 
samples were analysed using Nimblegen 128K oligo arrays or 
Multiplex Ligation Probe Amplification (MLPA) assay (P376 
BRCAlness; MRC-Holland, Amsterdam, The Netherlands) (Lips 
et al, 2011a). For the Nimblegen arrays labelling, hybridisation, 
imaging and data analysis have been performed by manufacturer's 
protocol (Nimblegen, Roche, Madison, WI, USA). The translation 
and concordance between the BAC aCGH BRCAl-like classifier and 
the Nimblegen classifier have been described recently (Philip 
Schouten, personal communication, March 2013). The BRCAlness 
MLPA assay was performed according to manufacturer's guidelines. 
Analysis procedure and validation with the aCGH has been described 
previously (Lips et al, 2011a). 

BRCA1 promoter methylation. Hypermethylation of the BRCA1 
promoter was determined using Methylation-specific MLPA 
analysis, according to manufacturers' protocol. For the neoadju- 
vant series the ME005-custom assay was performed, while the 
familial-breast cancer series was typed with ME-001 (both from 
MRC-Holland). For normalisation and analysis, the Coffalyzer 
program was used (MRC-Holland). We used a cutoff of 20% to call 
a sample methylated. This cutoff was according to manufacturer's 
protocol (www.mlpa.com). Employing this cutoff, methylated 
samples show a very low BRCA1 gene expression (Joosse et al, 
2011; Lips et al, 2011b). 

Statistical tests. The Fisher's exact test was used to assess 
association between the dichotomised histological and clinical 
variables and BRCAness characteristics. Logistic regression was 
performed to adjust for the following variables: age, T-stage, 
N-stage, and grade. Data analysis was performed using IBM SPSS 
Statistics version 20 (IBM, Chicago, IL, USA). 
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RESULTS 



In this study, we combined data from three different patient 
cohorts. As these are retrospective series not all variables are 
available for every tumour. Table 1 shows patient characteristics 
for each series. Patients in the neoadjuvant and in the familial 
series were younger (P< 0.001) and had tumours with a lower 
stage (P< 0.001), but more often positive lymph nodes (P=0.01) 
than tumours in the Adjuvant series. In all series, the percentage 
grade 3 tumours was high, although in the neoadjuvant series a 
substantial part (30%) had grade 1 or 2 tumours (P< 0.001). 
Grading in this series was assessed on biopsy material. As breast 
tumours are often heterogeneous, it could be that only the low- 
grade part is present in the biopsy. This can lead to an 
underestimation of grade in this sample series. 

In the neoadjuvant series, germline BRCA1 -mutation 
analysis was performed for 112 patients, 27 showed a mutation 
(24%) (Table 2a). In the familial-breast cancer series, no mutations 
were present, as those tumours were referred for additional mole- 
cular testing after a negative BRCA1 mutation test result. However, 
a substantial percentage has an unclassified variant for BRCA1 
(22%). For the Adjuvant series we only know which patients have a 
BRCA1- or BRCA2-germline mutation, not which patients were 
actually tested, making it unreliable to give percentages. 

In the TNBCs without a germline BRCA1 mutation, we 
determined the percentage of tumours with a BRCAl-like aCGH 
profile and with BRCA1 promoter methylation (Table 2b). The 
percentage BRCAl-like aCGH tumours was similar in the three 



series, it ranged from 66% to 69 of all patients tested. BRCA1 
promoter methylation was slightly more frequent in the familial- 
breast cancer series, 37% of the cases showed promoter methyla- 
tion, while it was 29% in the neoadjuvant series and 27% in the 
adjuvant series. These percentages were not significantly different. 

To assess the co-occurrence of the two BRCAness measures and 
BRCA1 mutation, we analysed the neoadjuvant series, as this series 
was the most complete for the three data types and not biased 
towards familial cases. For 88 cases, all data were complete, 
meaning that we had BRCAl/2-germline mutation status, aCGH 
and a methylation assay performed. In this set, we established the 
overlap and association between the different data types. In all, 
76% of the TNBC cases had a BRCAl-like aCGH profile (Figure 1). 
Of these, aCGH BRCA1 likes, 30% had BRCA1 promoter 
methylation, while 16% had a germline BRCA1 mutation. For 
the remaining aCGH BRCA1 likes, we do not have yet an 
explanation of the BRCAness phenotype and indicated them by 
'Other', meaning that another mechanism is responsible for the 
BRCAl-like aCGH genomic profile. There are 3 (4%) tumours 
with a mutation and 3 (4%) with BRCA1 promoter methylation 
that do not show a BRCAl-like aCGH profile. Revision of these 
samples by a pathologist showed that they all had lymphatic 
infiltrate or too many normal cells in the biopsy material, which 
diminishes the tumour aCGH profile. We should note that it is 
difficult to exactly estimate the amount of infiltrate in a biopsy. 
When the tumour cell percentage is well below 50%, the tumour 
profile will flatten towards that of a normal-normal hybridisation 
('flatliner'). Such an aCGH profile without any aberrations is 
highly unlikely for TNBCs, which show in general a high level of 



1. Patient characteristics 




Table 2. BRCA mutations and BRCAness frequencies 





Neoadjuvant 
(n = 152) 


Familial 
(n = 134) 


Adjuvant 
(n = 91) 


P-value 


Age, median 


42 (19-72) 


39 (1 8-67) 


50 (23-75) 


<0.001 


(range) 










Grade 


Grade 1/2 
(%) 


42 (30) 


11 (11) 


4 (5) 


<0.001 


Grade 3 (%) 


98 (70) 


87 (89) 


69 (95) 




ND 


12 


43 


18 




Histology 


IDC (%) 


114 (95) 


1 1 5 (92) 


0 (0) 


0.99 


ILC (%) 


2 (2) 


2 (2) 


0 (0) 




other (%) 


4 (3) 


7 (6) 


0 (0) 




ND 


32 


17 


91 




T-stage 


T1/2 (%) 


96 (75) 


38 (90) 


7 (8) 


<0.001 


T3/4 (%) 


32 (25) 


4 (10) 


84 (92) 




ND 


24 


99 


0 




Nodal stage 


Negative (%) 


47 (36) 


24 (57) 


49 (54) 


0.01 


Positive (%) 


82 (64) 


1 8 (43) 


42 (46) 




ND 


23 


99 


0 




Abbreviations: IDC= invasive ductal carcinoma; ILC = invasive lobular carcinoma; ND= not 
determined. Patients with unknown characteristics (ND) were not included in P-value 
calculations; therefore, percentages for these groups were not depicted in the table. 




a. Frequency of BRCA mutations in al 


TNBCs" 






Neoadjuvant 


Familial 


Adjuvant 




(n = 152) 


(n = 134) 


(n = 91) 


Mutation analysis 


BRCA1 (%) 


27 (24) 


0 (0) 


9 


BRCA2 (%) 


2(2) 


0 (0) 


4 


BRCA1 UV (%) 


2(2) 


1 6 (22) 


0 


BRCA2 UV (%) 


1 (D 


7 (9) 


0 


Wild type (%) 


80 (71) 


51 (69) 


0 


ND 


40 


60 


78 


b. Frequency of BRCAness in all TNBCs without BRCA1/2 mutations' 5 




Neoadjuvant 


Familial 


Adjuvant 




(n = 123) 


(n = 134) 


(n = 78) 


aCGH 


BRCA1 like (%) 


70 (66) 


92 (69) 


53 (68) 


Non-BRCA1 


35 (34) 


42 (31) 


25 (32) 


like (%) 








ND 


18 


0 


0 


BRCA1 promoter methylation 


Methylated (%) 


31 (29) 


47 (37) 


21 (27) 


Unmethylated (%) 


75 (71) 


81 (63) 


56 (73) 


ND 


17 


6 


1 


Abbreviations: aCGH = array Comparative Genomic 


Hybridisation; ND 


= not determined; 


TNBC = triple-negative breast cancer; UV = unclassifi 


ad variant. 




a Patients with unknown characteristics (ND) were not included in P-value calculations; 


therefore percentages for these groups were not depicted in the table. 




For Adjuvant series, only 


samples with a positive mutation test result were known; 


therefore, we could not calculate percentages. 
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Figure 1. Co-occurrence of aCGH BRCAI-like profile, BRCA1 
mutation, and BRCA1 methylation. This pie chart shows the frequency 
of the combination of BRCAness characteristics and BRCA1 
mutation status in 88 tumours from the neoadjuvant series. aCGH 
BRCA1-like tumours were either mutated (Mut), methylated (Meth) 
or showed no aberration (Other). The same applied to the 
non-BRCA1-like tumours. 



Table 3. Overlap between BRCA1 -mutation status and BRCA1 promoter 
methylation 




BRCA1 
mutation 


No BRCA1 
mutation 


Total 


Methylated 


0 


52 


52 


Unmethylated 


31 


97 


128 


Total 


31 


149 


180 



genomic instability. Therefore, we consider these six samples as 
false negatives for a BRCA-like aCGH profile. 

Interestingly, no cases were found in this study with a 
concurrent BRCAl-germline mutation and somatic BRCA1 
promoter methylation (Table 3). For 180 samples, both data types 
were available. In all, 52 out of 149 non-BRCAl-mutated cancers 
(35%) showed BRCA1 promoter methylation, while there were not 
any mutation carriers with methylation (0 out of 31 BRCA1- 
mutated tumours) (P=l x 10 ~ 5 , Fisher's Exact test). If BRCA1 
promoter methylation analysis would be performed to exclude 
a germline BRCA1 mutation, then the specificity would be 100% 
(31 out of 31). Positive predictive value would be 100% (52 out of 
52) as well. Sensitivity and negative predictive values are 35% 
(52 out of 149) and 24% (31 out of 128), respectively. 

We determined the association between clinical variables and 
BRCA1 mutation, BRCAI-like aCGH, and BRCA1 promoter 
methylation status. BRCAI-like aCGH and BRCA1 promoter 
methylated tumours were diagnosed at a younger age than non- 
BRCAl-like aCGH or non-BRCAl-methylated tumours (P = 0.04 
and P=0.01, respectively). BRCAl-mutated and BRCAI-like 
aCGH tumours were more often histological grade 3 tumours 
(94% vs 74% (P=0.02) for BRCAl-mutated vs wild-type tumours 
and 86% vs 67% (P=0.01) for aCGH BRCAI-like versus aCGH 
non-BRCAl-like tumours) (Table 4). There were minor differences 
in T- and N-stage between the groups. 

Neoadjuvant chemotherapy response data and recurrence 
data were available for the neoadjuvant series and recurrence 
data were available for the Adjuvant series. Patients with a BRCA1 



mutation had a higher response rate for neoadjuvant chemo- 
therapy (63% (12 out of 19)) than patients without a mutation 
(33% (23 out of 69)) (P=0.02). After adjusting for age, T-stage, 
N-stage, and grade in a multivariate model, there was a trend 
for a better response in BRCAl-mutated tumours (P=0.08). 
The patients with a BRCAI-like aCGH profile (35% vs 21%, 
P=0.22) and BRCA1 promoter methylation (46% vs 31%, 
P=0.20) showed higher response rates than the aCGH non- 
BRCAl-like or non-methylated groups. However, these rates were 
not significantly different. There was no difference in percentage 
recurrences between groups. 



DISCUSSION 



BRCAness is the phenotype that some sporadic tumours share with 
BRCA-mutated cancers. These tumours can have BRCA1 pro- 
moter methylation, a somatic mutation or another alteration 
causing a dysfunctioning BRCA pathway. We hypothesise that 
those tumours have a defective DNA DSB repair, as BRCA1 and 
BRCA2-mutation carriers have. This defect makes them extra 
sensitive to DNA DSBs that are induced by chemotherapy. In the 
current study, we determined the frequency of BRCAness in three 
cohorts of TNBCs. In addition, we assessed if BRCAness was 
associated with specific clinicopathological variables and with 
chemotherapy response. 

In this study, nearly 70% of the TNBCs show a BRCAI-like 
aCGH pattern and 27-37% show BRCA1 promoter methylation. 
The reason that the percentage of aCGH BRCAI-like tumours is so 
high in TNBC may be caused by the approach the aCGH BRCAI- 
like classifier was built. It was developed by comparing BRCAl- 
mutated breast tumours with sporadic tumours. This latter group 
consists of 30% TNBCs, while 95% of the BRCAl-mutated 
tumours were TNBCs, resulting in a bias for TNBCs in the aCGH 
BRCAI-like classifier. Therefore, it could be that the TNBCs are 
just classified as aCGH BRCAI-like due to their triple-negative 
status. On the other hand, it may be a biological effect; the TNBC 
phenotype and BRCA1 inactivation are highly correlated and not 
independent factors. The fact that in the TNBC cases ~ 20-30% of 
the cases are BRCAl-germline mutation carriers and an additional 
30-40% of the cases show BRCA1 inactivation by somatic BRCA1 
promoter methylation is a strong argument for the latter. In fact, 
BRCA1 inactivation by somatic mutation of BRCA 1 could possibly 
explain (part of) the remaining aCGH BRCAI-like cases. This is 
currently under evaluation. Also, other genes of the DNA damage 
response pathway, where BRCA1 and BRCA2 have a role, might be 
involved (Turner et al, 2004). For example, methylation of FANC 
genes has been described (Turner et al, 2004; Cancer Genome 
Atlas Network, 2012). 

By comparing histopathological variables we found that 
BRCAI-like aCGH tumours resemble the BRCAl-mutated 
tumours: they occur in younger patients and are more often grade 
3 tumours. In a previous study, we also found that patients with 
aCGH BRCAI-like tumours were younger, and had less often 
positive nodes than non-BRCAl likes (Oonk et al, 2012). A study 
by Foulkes found that the pattern of metastatic spread of familial- 
BRCA1 cancers seems to be different, with a low incidence of 
lymphatic spread to the axillary nodes, but a high incidence of 
haematogenous spread manifesting in a poor prognosis (Foulkes 
et al, 2003). It could be that aCGH BRCAI-like tumours resemble 
BRCAl-mutated tumours also in this aspect. 

We found a better chemotherapy response to anthracycline- 
based chemotherapy in tumours from BRCA 1 -mutation carriers 
and slightly higher response percentages in methylated and 
aCGH BRCAI-like tumours, although not significant. Others 
found that BRCAl-mutated or methylated tumours were more 
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Table 4. Association between BRCA1 mutations and BRCAness characteristics with clinical variables 

























Patients screened for BRCA1 
mutations 


aCGH BRCA1 like in non-mutation 
carriers 


Methylation in non-mutation 
carriers 




No BRCA1 
mutation 


BRCA1 
mutation 


P-value 


Non- 
BRCA1 like 


BRCA1 like 


P-value 


No 

methylation 


Methylated 


P-value 


Age, median 
(range) 


41 (18-67) 


37 (23-68) 


0.26 


49 (18-67) 


44 (18-75) 


0.04 


47 (18-75) 


40 (19-75) 


0.01 


Grade 


Grade 1/2 (%) 
Grade 3 (%) 


35 (26) 
102 (74) 


2 (6) 
30 (94) 


0.02 


25 (33) 
51 (67) 


24 (14) 
151 (86) 


0.01 


30 (18) 
137 (82) 


16 (19) 
67 (81) 


0.80 


Histology 


IDC (%) 
ILC (%) 


126 (98) 
3 (2) 


20 (100) 
0(0) 


0.49 


60 (97) 
2 (3) 


127 (99) 
1 (D 


0.21 


121 (99) 
1 (D 


61 (97) 
2 (3) 


0.23 


T-stage 




















T1/2 (%) 
T3/4 (%) 


83 (73) 
30 (27) 


15 (54) 
13 (46) 


0.04 


38 (55) 
31 (45) 


73 (52) 
68 (48) 


0.65 


78 (54) 
67 (46) 


31 (50) 
31 (50) 


0.62 


Nodal stage 


Negative (%) 
Positive (%) 


49 (43) 
64 (57) 


14 (48) 

15 (52) 


0.64 


23 (34) 
45 (66) 


70 (49) 
72 (51) 


0.04 


63 (43) 
82 (57) 


30 (48) 
32 (52) 


0.52 


Response 


No pCR (%) 
pCR (%) 


46 (67) 
23 (33) 


7 (37) 
12 (63) 


0.02 


22 (79) 
6(21) 


34 (65) 
1 8 (35) 


0.22 


40 (69) 
18 (31) 


13 (54) 
11 (46) 


0.20 


Recurrence 


No relapse (%) 
Relapse (%) 


60 (80) 
1 5 (20) 


25 (89) 
3 (11) 


0.27 


42 (79) 
11 (21) 


82 (77) 
25 (23) 


0.71 


86 (75) 
28 (25) 


37 (79) 
10 (21) 


0.66 


Abbreviations: aCGH = array Comparative Genomic Hybridisation; IDC = invasive 


ductal carcinoma 


ILC — invasive lob 


jlar carcinoma 


pCR = pathological complete remission. 





sensitive to anthracycline- or platinum-based chemotherapy 
(Kriege et al, 2009; Silver et al, 2010). In a previous study, we 
found that aCGH BRCAl-like tumours had a higher sensitivity to 
high-dose platinum-based chemotherapy but not to standard 
anthracycline-based chemotherapy (Vollebergh et al, 2011). 
In the current study, patients were treated with a dose dense 
regimen, which is different from the regimens in the previous 
study. We are now performing a prospective neoadjuvant 
study where patients with an aCGH BRCAl-like profile are 
randomised between standard anthracycline-based chemo- 
therapy and high-dose platinum-based chemotherapy 
(NCT01057069). Others found in studies with BRCA1 -mutation 
carriers and tumours with decreased BRCA1 gene expression, a 
high sensitivity to DSB-inducing drugs, such as platinum, but 
also to the new drug class of PARP inhibitors (Fong et al, 2009; 
Silver et al, 2010). 

Interestingly, there were no tumours that showed both a BRCA1 
mutation and BRCA1 promoter methylation. This suggests that 
BRCA1 is mutually exclusive inactivated either by a genetic or an 
epigenetic event. This phenomenon was also described in the 
cancer genome atlas project, both for ovarian and for breast cancer 
(Cancer Genome Atlas Research Network, 2011; Cancer Genome 
Atlas Network, 2012). In Lynch's syndrome, a form of hereditary 
colorectal cancer, MLH1 promoter methylation has been evaluated 
for the selection of patients that will not be tested for germline 
mutations (Bettstetter et al, 2007). Recently, it has been proposed 
as a cost-effective pre-screening selection tool (Gausachs et al, 
2012). For hereditary breast cancer screening, a similar approach 
could be envisaged. BRCA1 promoter methylation analysis could 



be used as a quick and reliable method to exclude familial-BRCAl 
involvement in breast cancer patients. This is particularly 
important, as it has been proposed that all TNBCs below 50 years 
should be screened for BRCA1 and 2 mutations (Kwon et al, 2010; 
Robertson et al, 2012). If BRCA1 promoter methylation analysis is 
performed as a pre-screening assay, then a mutation can be 
excluded in many patients. In this study, 27-37% of all tumours 
showed BRCA1 promoter methylation. 

A limitation is that the three series have specific selection 
criteria, and thus, data are not representative for the general TNBC 
population. The neoadjuvant series are patients treated with 
neoadjuvant chemotherapy and are therefore all locally advanced 
breast tumours. The familial-breast cancer series was a set of 
patients that was referred to additional molecular testing after a 
negative BRCA mutation test. These two groups of patients are in 
general younger and have more aggressive tumours than the total 
breast cancer population. The adjuvant series is probably the most 
representative of the TNBC population, as it is a consecutive series 
of all TNBCs treated in a community-based hospital. However, 
BRCAness frequencies were similar in the three series. 

In conclusion, we show here that the majority of TNBCs show 
BRCAness, defined as a genomic BRCAl-like aCGH pattern and/ 
or BRCA1 promoter methylation. We show that BRCAness 
patients share clinical characteristics with BRCAl-mutation 
carriers. Finally, BRCAl-germline mutation carriers do not show 
BRCA1 promoter methylation in their TNBC tumours. Results 
should be validated in independent cohorts, and can have 
consequences for both screening and the treatment of this specific 
breast cancer subtype. 
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